Introduction
It is important to explore new compounds and investigate their hydrogenation properties for development of hydrogen storage materials. High-pressure techniques are paid attentions to obtain new compounds. Even only for Mg-transition metal systems, many new hydrides such as Mg were synthesized in anvil-type apparatuses under pressures in the GPa range. In our previous works, Mg 2 -Ni 3 H 3:4 , 8, 9) (Ca 1Àx Mg x ) 2 NiH y (x 0:4), [10] [11] [12] [13] MgCaH y , 12, 13) MgY 2 H 8 , [14] [15] [16] [17] Mg 3 MnH y , 16) Mg 3 REH 9 (RE = La, Ce and Pr) 17, 18) and a few new intermetallic compounds 19) were synthesized by using a cubic-anvil-type apparatus and then explored for hydrogen storage.
By reacting binary hydrides of electropositive metals, such as an alkali or an alkaline earth metal, with transition metals, it is possible to synthesize novel ternary hydrides with interest for hydrogen storage applications. As described above, some Mg-transition metal hydrides have been synthesized by using high-pressure methods. But Mg-Zr, Nb and Mo hydrides have not yet been reported, except for BCC hydride synthesized by MA (Mechanical Alloying method) in Mg-Nb system. 20) The purpose of this study is to explore a new hydride of the Mg-Zr, Nb and Mo systems by using the anvil-type apparatus and to investigate the crystal structure, thermal stability and hydrogen content of the newly-found hydrides.
Experimental Procedures
The starting materials were mixed powders of MgH 2 (90 mass%, the major impurity was metallic Mg) and ZrH2 (99.9 mass%) or Mo (99.9 mass%) or Nb (99.9 mass%). The powders were mixed in appropriate amounts and pressed into pellets in a glove box filled with Ar gas. The pellets were put into BN or NaCl containers. Then, the container was set into a graphite tube heater, and placed into a high-pressure transmitting media made from pyrophyllite. The highpressure synthesis was carried out in a cubic-anvil-type apparatus. The detailed processing schedules were described elsewhere. 14) Phase identification was performed by X-ray diffraction (XRD) using monochromatic Cu-K radiation. The crystal structures of novel compounds were estimated by ITO13. Then lattice parameters were refined by CELL program. Compositional analysis was performed by scanning electron microscopy and energy dispersive X-ray spectrometer (SEM-EDX). Thermal stability was investigated using a differential scanning calorimeter (DSC) in Ar-gas. The hydrogen content was measured by means of fusion extraction analysis using LECO and calculated from a weight loss observed by thermogravimetric analysis (TGA). Figure 1 shows the X-ray diffraction patterns of MgH 2 -x%ZrH 2 (x ¼ 50, 60 and 67) samples prepared at 1073 K for 2 h under 5 GPa. For the sample of x ¼ 60, unidentified phase appeared as a single phase. Whereas, for x ¼ 50 and 67, MgH 2 and ZrH 2 appeared as a secondary phase, respectively. Therefore, the composition of the new hydride was assumed to be close to Mg 2 Zr 3 H y . The crystal structure was estimated to be the monoclinic-type structure with the lattice parameters of a ¼ 0:8591ð1Þ nm, b ¼ 0:33539ð5Þ nm, c ¼ 0:5816ð1Þ nm, ¼ 103:06ð3Þ
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and was indexed as this figure. Moreover, the new hydride was confirmed to be also synthesized under 2 GPa. Figure 2 shows the DSC curves of MgH 2 -x%ZrH 2 (x ¼ 50, 60 and 67) samples prepared at 1073 K for 2 h under 5 GPa. The sample with a composition of MgH 2 -50%ZrH 2 , which consisted of MgH 2 and new hydride, exhibited two endothermic peaks at about 650 K due toMgH 2 and -MgH 2 with the another broad endothermic peak at about 700 K due to new hydride. The sample with a composition of MgH 2 -67%ZrH 2 , which consisted of ZrH 2 and new hydride, exhibited a single broad endothermic peak at about 700 K. On the other hand, the sample with a composition of MgH 2 -60%ZrH 2 , which consisted of almost single new hydride phase, exhibited a broad endothermic peak at 720 K with a small endothermic peak at about 650 K due to MgH 2 . Therefore, the dehydrogenation or decomposition temperature of newly found Mg 2 Zr 3 H y hydride would be around 720 K. To be lower a broad endothermic temperature due to new hydride in the samples with second phase implies that new hydride dehydrogenated through the second phase. Moreover, for the sample of MgH 2 -60%ZrH 2 , the amount of emitted hydrogen at that temperature was calculated to be about 0.6 mass% from a weight loss observed by TGA. The reason of this small amount of emitted hydrogen was found to be caused by partial dehydrogenation reaction (Mg 2 Zr 3 H y ! 2Mg þ 3ZrH 2 þ (y À 6)H 2 ), which was confirmed by X-ray diffraction analysis before and after DSC measurement as shown in Fig. 3 . Taking this result and the partial oxidation of the sample into consideration, y-value would be more than 8. Figure 4 shows the X-ray diffraction pattern of MgH 2 -20%Mo sample prepared at 1173 K for 2 h under 5 GPa and the simulated pattern in assuming the hydride to have sub-lattice of the Na 3 As-type. As can be seen, unidentified phase appeared as a main phase with small amount of MgO, Mo 2 C and NaCl. The crystal structure was estimated to be the hexagonal-type structure of a ¼ 0:49958ð6Þ nm, c ¼ 0:8840ð2Þ nm and was indexed as Fig. 4 . Furthermore, the X-ray diffraction pattern of the unidentified phase almost agreed with the simulated pattern. Therefore, it will be reasonable to judge that the unidentified phase have sublattice of the Na 3 As-type structure (space group P6 3 =mmc). Judging from the crystal structure and the result of SEM-EDX, the molar ratio of Mg and Mo was found to be 3:1. By fusion extraction analysis, for MgH 2 -20%Mo sample, the amount of hydrogen was estimated to be 3.1 mass%. Taking impurities into consideration, the unidentified phase can be represented by the chemical formula of Mg 3 MoH 6 . Figure 5 shows the DSC curve of MgH 2 -20%Mo sample prepared at 1173 K for 2 h under 5 GPa. An endothermic peak was observed at 695 K. Moreover, since this sample was decomposed into the Mg and Mo phases as shown in Fig. 6 , this endothermic peak can be assigned to a decomposition reaction of the new phase. Figure 7 shows the X-ray diffraction pattern of MgH 2 -20%Nb sample prepared at 1073 K for 2 h under 5 GPa. As can be seen, unidentified phase appeared, although -MgH 2 , -MgH 2 and NbH also appeared. From SEM-EDX, the molar ratio of Mg and Nb in unidentified phase was found to be 4:1. The unidentified phase can be represented by the chemical formula of Mg 4 NbH y . Figure 8 shows the DSC curves of MgH 2 -20%Nb sample prepared at 1073 K for 2 h under 5 GPa, NbH and -MgH 2 . The endothermic peaks were observed at about 370 K due to NbH and at about 670 K due to new hydride and MgH 2 , respectively. Mg and Nb phases appeared as main phases with a small amount of NbH and MgO phases as shown in Fig. 9 . This implies that new hydride dehydrogenates around 670 K, although it is difficult to distinguish the dehydrogenation temperature of new hydride and MgH 2 .
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Conclusion
Phases present and the thermal stability of synthesized hydrides in Mg-TM-H systems (TM = Zr, Nb and Mo) by using high pressure up to 5 GPa were studied. In the MgZr-H system, new hydride Mg 2 Zr 3 H y with a monoclinic structure (a ¼ 0:8591ð1Þ nm, b ¼ 0:33539ð5Þ nm, c ¼ 0:5816ð1Þ nm, ¼ 103:06ð3Þ ) was found to be synthesized at 1073 K under 2 GPa or higher. In the Mg-Mo-H system, new hydride Mg 3 MoH 6 with Na 3 As-type sub-lattice (a ¼ 0:49958ð6Þ nm, c ¼ 0:8840ð2Þ nm) was found to be synthesized at 1173 K under 5 GPa. While, in Mg-Nb-H system, new hydride Mg 4 NbH y was found to be synthesized at 1073 K under 5 GPa. These new hydrides were thermally stable up to 720, 695 and 670 K under an Ar atmosphere, respectively.
